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Recent work by the authors to apply nodal aberration
theory to characterize the misalignment-induced
aberration fields in astronomical telescopes has led
to some important new results including

- A new misalignment-induced field dependence Field-
Centered, Field-Asymmetric, Field-Linear Astigmatism

- A methodology has been found to integrate as-
measured mirror figure error characterized by a Zernike
polynomial interferogram fit with nodal aberration
theory (NAT)

The second result allows isolating figure error from
misalignment, allowing dynamic range for correction
to be conserved
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e A misaligned telescope (including TMA) has no new
aberration types

e The existing aberration types often develop new field
dependencies for the magnitude and orientation within
the field of view

e The new field dependencies are best characterized by
characteristic, intrinsic nodal geometries (aberration
zero points) that are reported in K.P. Thompson,
JOSA A, 2005 (3v9) and JOSA A, 2009, 2010 (5th)

e In general, once misalignment coma is removed, the
remaining misalignment astigmatism is zero on-axis,

but it is NOT field quadratic

K. P. Thompson, “"Description of the third-order optical aberrations of near-circular pupil
optical systems without symmetry,” J. Opt. Soc. Am. A 22, 1389-1401 (2005).
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Three Mirror Anastigmat (TMA) m

e The JWST is an obscured aperture, field-
biased three-mirror telescope corrected for
all third order aberrations, if aligned perfectly

e It has a 6.6M (segmented) aperture and a
0.33 degree Full FOV

e Like the Hubble Space Telescope, most of the
instruments use portions of the field at the
periphery of the field, making the overall
system significantly more alignment
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Erin Sabatke, "Using Multifield measurements to
eliminate alignment degeneracies in the JWST Testbed
Telescope," Ball Aerospace, Proc. of SPIE Vol. 6687 Some instruments are themselves a
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e It is considered important, and readily accomplished,
to report the 34 order misalignment aberration fields
of the instruments to be used in collecting Phase
Diversity data

e The aberrations to concentrate on at final alignment
are
— field-constant 31 order coma
- field-centered, field-linear, field-asymmetric 3" order
astigmatism
- field-centered, field-binodal 3" order astigmatism

o Separating the misalignment and figure error
components makes best use of compensating
dynamic range - Phase Diversity measurements from
at least two and preferably three instruments allow
distinguishing these two components

University of

20 Central
07 June 2010 Florida




OPTICAL ’_u UNIVERSITY
RESEARCH & ROCHESTER

ASSOCIATES

Robert E. Hopkins Center for

Acknowledgements frsirn

engineering

e This work was and is supported by,

— the Florida I-4 Corridor program,
- the University of Rochester,

— Optical Research Associates

University of

21 Central
07 June 2010 Florida




OPTICAL

- - - m UN I\\' E l{s:l'l'—\' of .
weseancn Recent Advances in Simulation ©r ROCHESTER

Robert E. Hopkins Center for
" Optical Design & Engineering
(STOP) Hyf DESIGN « BUILD » ANALYZE + TEST

ASSOCIATES PM
engineering

SM

PSF computed with_~ Semi-Analytical PSF utilizing
Raytracing Software Nodal Aberration Theory

07 June 2010 Florida



E;STE‘A‘;’;; Application to the LSST is more comple B RSOCHESTER
SSOCIATES Alignment Strategy based on Robert E. Hopkins Center for
" Optical Design & Engineerin

25/6, Z7/8, and 214/15 DE|:IGN . EUIL% . ANALgVZE . TES?

engineering

third order coma,

third order astigmatism
af:\’:? =H"™ a3

Paper to be

) presented at

8y, =H" +a,, SPIE Astronomy
later this month

fifth order com

express dependence on N
misalignment parameters %=

7

=H™ + a5

—— e - »

[ aD AD _ 1 (sph) (sph) (asph)//(;sph) (sph)  _—(sph) (asph) _(asph) (sph) _—(sph) (asph) _(asph)
A3y F Ay + H Ay = (W222,PM Opm -'_WZZ/Z,PI\//I Oy +W222,SM Oy +W222,SM Oy +W222,TM (e +W222,TM O )
222 .
1
AD AD _ (sph) __(sph) (asphy” _(asph) | \ps(sph) __(sph) (asph) _(asph) (sph) __(sph) (asph) _(asph)
Qg T, +H Ay = W (W131,PM Opym +Wl§1,’PM Opy W131,SM Oy +W131,SM O~ + Wiz smTsm +W131,SM Osm )
131 L
1 .
AD AD W, (sph)\ 4 (sph) (asph)- __(asphj (sph) __(sph) (asph) _(asph) (sph) __(sph) (asph) _(asph)
!a 2 |F 8y, +H Qs T W (Wlsl,PM o *&VV\ls,lz,PM Opn/ TWisismOsm WisismOsm - +WisimuOm - +Wigi v O )

University of

23 Central
07 June 2010 Florida




orTicaL . . B RO TR
RESEARCH The First Evidence of HY. . e
SSOCIATES Robert E. Hopkins Center for

B 1 " Optical Design & Engineering
DRl MultiNodal Aberratlons‘
Through Focus Star Plates 77

© Astigmatic
Nodes

Through focus
photographic plate taken
with the 90" telescope of
the Steward observatory,
located on Kitt Peak. This
plate was taken in the 70’s
before the theoretical
developments that led to
nodal aberration theory
and provided the first
physical confirmation of
the validity of this theory
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T. Schmid, K.P. Thompson, and J.P. Rolland, “"Separation of the
effects of astigmatic figure error from misalignments using
Nodal Aberration Theory (NAT),” submitted to Optics
Express (May 2010)
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Offset aperture aspheres were included in

the original nodal work in the 70s - this path

can be exploited as a path to introduce mirror
figure error, for mirrors at the aperture stop/pupils
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